Purpose: Early diagnosis of osteoarthritis is important, although the diagnostic method is not fully established yet. In our group, ultrasound cartilage evaluation system has been developed in order to examine material properties of the articular cartilage. The ultrasound reflected wave correlates the macroscopic osteoarthritis progression (ICRS grade). In this study, we investigated whether ultrasound has the potential to detect the macroscopically undetectable cartilage degeneration with rabbit osteoarthritis model. Methods: This investigation was approved by the Animal Research Center of our university. Eighteen female Japanese white rabbits were used. Under general anesthesia, a medial parapatellar incision was made to expose the bilateral knee joint, and the patella was laterally dislocated. Then, the both anterior cruciate ligaments were exposed and the left anterior cruciate ligament transection (ACLT) was performed and instability was manually confirmed. The patella was reduced, and joint capsule and skin were closed. The rabbits were sacrificed at 1, 2, 4, 12 weeks after the operation and 4 rabbits were assigned for each group. Two untreated rabbits were used as 0 week control. The lateral femoral chondyle (LFC) was evaluated in this study. The cartilage was scored macroscopically from 0 (intact) to 4 (massive cartilage defect) by two investigator. The mechanical properties of the cartilage were measured with our ultrasound cartilage evaluating system with wavelet transform method. The maximum magnitude of the reflected wave from the surface of the articular cartilage was defined as signal intensity. The paraffin section of the LFC was stain with safranin-O/fast green, haematoxylin/eosin (HE) and evaluated. The data was statistically analyzed with Mann-Whitney U test or Student T test appropriately. P < 0.05 was set to significant difference. Results: The macroscopic score of the left LFC (ACLT) was median: 0 (minimum: 0-maximum: 0) at 0, 1 and 2 weeks, 0.5 (0-1) at 4 weeks and 2.25 (1-3) at 12 weeks. The score of the right LFC (sham) was 0 (0-0) at 0, 1 and 2 weeks, 0 (0-0.5) at 4 weeks and 0.5 (0.0-0.5) at 12 weeks. At 12 weeks, there was significant difference between the macroscopic score of the left (ACLT) and the right (sham). The signal intensity of the left knee was decreased as the time going. At 2 weeks, the signal intensity of the left (ACLT) and right (sham) were 0.74±0.20 and 1.19±0.29, respectively (p < 0.05). There were significant differences between the signal intensity of the left (ACLT) and the right (sham) at 2, 4, and 12 weeks. In the histology of the left LFC, slight fibrillation and decrease of safranin/O staining were observed at 2 weeks. At 12 weeks, the cartilage of the left LFC resulted in osteoarthritic change with severe fibrillation, cell clustering and decrease of safranin/O staining. Conclusions: Although there was no macroscopic change at 2 weeks, the signal intensity of the anterior cruciate ligament transection knee was significantly decreased (38% decrease to sham). At 2 weeks, the cartilage degeneration was already observed in the histology. The ultrasound analysis has the possibility to detect the very early change of the osteoarthritis. The surgical destabilization of the medial meniscus (DMM) model of osteoarthritis (OA) is sufficiently sensitive to observe differences with strain, sex/hormonal status, and genotype. This study sought to optimize the collection of pure articular cartilage from the knee joint in mice, and to validate the technique by evaluating differentially expressed genes from mice with severe (129SvEv males) and mild induced OA (129SvEv females and FVB/n males). Methods: All animal studies were performed with IACUC approvals. RNA quality and yields were compared from cartilage collected from 5 male and 5 female, 8 week-old 129S6SvEv mice (Taconic, Germantown, NY) by shaving the tissue directly into Trizol or by placing the entire knee into RNAlater (Ambion). To examine if the sex and strain related differences observed in OA severity in the DMM model could be associated with relative differences in RNA expression, male and female 129SvEv and male FVB/n mice (Jackson Laboraties, Bar Harbor, ME), 10 per group, underwent bilateral DMM to the right knee at 10 weeks of age and knees were harvested at 2 weeks after surgery. For both studies, knees were disarticulated and placed in RNA later on a rocker for 6 days at 4 degrees C. The cartilage was peeled from the tibial plateau and femoral condyles under a dissecting microscope with Jeweler's microsurgical forceps. Peeled cartilage was placed in RNA later and frozen until homogenized. RNA was isolated using Trizol and further purified by RNeasy columns (Qiagen). 50ng of RNA was converted to labeled cDNA using the NUGEN ovation amplification procedure and hybridized to the Mouse Genome U430 2.0 array (Affymetrix). Normalized data was analyzed in Expressionist (GeneData) and an ANOVA analysis was performed to identify genes differentially expressed between strains. Results: The RNA quality from the peeled cartilage RNA-later samples was excellent and the yield was superior to that obtained from shaving cartilage. Comparison of the 129SvEv WT naïve and OA mice gave up-regulation of a large number of genes previously associated with OA including collagens, fibronectin, TGFβ, and MMP3. Over 1300 transcripts were identified that had significant differences (p<0.01) in gene expression across male, female 129SvEv and FVB/n male mice. In the male 129SvEv mice, higher expression was observed with Hypoxia Inducible Factor-1 (HIF-1α), transforming growth factor β receptor (TGFβR3), collagen 2a1, and epidermal growth factor receptor. In the FVB/n mice, a large number of genes were up-regulated including tissue inhibitor of metalloproteinase 3 (TIMP3), α2 Macroglobulin, Col XIIα1, and the small leucine-rich proteoglycans: decorin and versican. Conclusions: This study provides a method of cartilage isolation that is superior to currently described methods in that it avoids contamination with underlying bone which occurs with dissectionalone, and avoids transcriptional changes which could potentially occur when ex vivo patellae are exposed to EDTA, and then peeled, to reflect the in vivo situation. At the 2-week time point, despite the OA pathology being very mild and not statistically different, a large number of genes were differentially regulated. These results indicate that sensitive alterations in gene expression can be obtained in the mouse DMM model when obtaining isolated cartilage with the RNA later technique.
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